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In t roduc t ion  

U l t r a s t r u c t u r a l  changes i n  g a s t r i c  p a r i e t a l  c e l l s  have been a t t r i b u t e d  

t o  s t imula tory  drugs i n  t h e  f r o g  (13, 151, c a t  (211, dog (14, 201, r a t  (9 ,  21) ,  

mouse (41, and i n  man (20) .  Histamine has  been u t i l i z e d  most f requent ly  t o  

s t imu la t e  p a r i e t a l  cells  (12, 14, 16, 18, 21) f o r  cy to log ic  study although 

o t h e r  pharmacologic agents  have been employed (12, 14) .  The ulcerogenic  

capac i ty  of c o r t i c o i d s  i s  w e l l  known, but t h e  e f f e c t s  of c o r t i c o i d s  on g a s t r i c  

s e c r e t i o n  a r e  s t i l l  debatable  (1 ,  3, 7-91, and t h e  u l t r a s t r u c t u r a l  e f f e c t s  of 

c o r t i c o i d s  on t h e  g a s t r i c  mucosa a r e  genera l ly  not known. Hence, it was t h e  

purpose of t h e  present  i nves t iga t ion  t o  s tudy i n  p a r t ,  t h e  g a s t r i c  mucosal 

morphology of co r t i co id - t r ea t ed ,  pylorus- l igated f e r r e t s .  

The s u r g i c a l  procedure, py lorus- l iga t ion ,  f a c i l i t a t e s  t h e  accumulation 

of g a s t r i c  s e c r e t i o n  f o r  i nves t iga t ive  analyses  and is  widely employed f o r  

gas t roentero logic  s tud ie s .  However, s ince  t h e  e f f e c t s  of py lorus- l iga t ion  

on t h e  u l t r a s t r u c t u r e  of t h e  g a s t r i c  mucosa a r e  unknown, t h e  f i n e  s t r u c t u r a l  

a l t e r a t i o n s  i n  t h e  p a r i e t a l  c e l l  as induced by pylorus- l iga t ion  were a l s o  

eva lua ted .  

Ma te r i a l s  and Methods 

The present  study was undertaken on 40 female, adu l t  f e r r e t s  purchased 

from t h e  Gilman Marshall F e r r e t  Ranch (North Rose, N.Y.), and maintained on 

a d i e t  of canned dog food (Ken-L-Ration). A l l  animals were pylorus- l igated 

and were f a s t e d  f o r  a period of 48 h r s  

groups cons i s t ing  of f i v e  animals each 

subcutaneous i n j e c t i o n  of 2 ,  10 ,  or 50 

hydrocort isone a c e t a t e  (1.5 pa r t s )  and 

but received water  ad l i b i tum.  F ive  

received t h e  fo l lowing  t rea tments ;  

mg/kg body weight of a mixture of 

co r t i cos t e rone  a c e t a t e  ( 1  pa r t )  , or 

- 

1 

10 or 50 mg/kg body weight of co r t i cos t e rone  a c e t a t e .  A l l  i n j e c t i o n s  were 

administered once a day f o r  3 days. Both p repa ra t ions  were adminis tered i n  
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a corn o i l  suspension (approximately 1.5 m l  per  i n j e c t i o n ) .  Control  animals 

w e r e  i n j e c t e d  with pure corn o i l ,  and w e r e  e i t h e r  sham-operated or pylorus- 

l i g a t e d .  The stomach was removed from each animal during anes thes i a  and t h e  

con ten t s  saved f o r  pH, f r e e  and combined ac id ,  and volumetric determinat ions.  

A l l  animals  w e r e  s a c r i f i c e d  with an overdose of ether. The stomach was then  

c u t  a long the  g r e a t e r  curva ture  and small p i eces  of t i s s u e  (1 c m  ) was taken 
2 

from t h e  lesser curva ture  a t  a po in t  midway between t h e  ca rd iac  and p y l o r i c  

sph inc te r s .  Thin slices ( 3  mm th ick)  were c u t  from t h e  1 cm2 piece and f ixed  

f o r  45 min i n  1% Os0 

7.86% sucrose.  

with cacodylate  t o  a pH of 7.4. T issues  f ixed  i n  glutaraldehyde were subse- 

buffered t o  a pH of 7.4 with Verona1 a c e t a t e  conta in ing  4 

Other sl ices were fixed f o r  2 3 h r s i n  5% glutaraldehyde buffered 

quent ly  washed i n  seve ra l  changes of cacodyla te  bu f fe r  conta in ing  7% sucrose 

p r i o r  t o  r e f i x a t i o n  i n  1% Os04 .  

graded series of e thano l  and embedded i n  Maraglas ( 2 ) .  Sec t ions  were c u t  on 

A l l  t i s s u e s  were r ap id ly  dehydrated i n  a 

a Porter-Blum MT2 ultramicrotome, placed on uncoated copper g r i d s ,  and s ta ined  

with l ead  c i t r a t e  (19) and observed with a P h i l i p s  200 e l e c t r o n  microscope. 

Resu l t s  

The g a s t r i c  mucosa of t h e  normal l abora to ry  f e r r e t  was previously s tud ied  

i n  t h i s  labora tory  and i s  reported i n  a previous paper (18).  

The p a r i e t a l  cel l  of t h e  f e r r e t  i s  apparent ly  very s e n s i t i v e  t o  pylorus- 

l i g a t i o n ,  while chief  c e l l s  appear unaffected by t h e  opera t ion .  The sec re to ry  

c a n a l i c u l i  of t h e  p a r i e t a l  ce l l  from pylorus- l igated animals are col lapsed 

(Figs .  1-4) and f requent ly  con ta in  homogenous, moderately e l e c t r o n  dense 

ma te r i a l  which probably r ep resen t s  "backflow" of zymogen i n t o  the c a n a l i c u l i  

from t h e  main lumen of t h e  gland (Figs.  1 & 3). The cytoplasmic conten t  is  

more ex tens ive  and mitochondria a r c  more widely separated than  they  a r e  i n  

the  normal c e l l  (F igs .  1-3). Frequently ballooning" of t h e  e x t e r n a l  I t  
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mitochondrial  membrane occurs ,  r e s u l t i n g  i n  an e l e c t r o n  l u c i d  a rea  on t h e  

su r face  of t h e  organel le  (Fig.  1 & 2 ) .  

The most s t r i k i n g  change following pylorus- l iga t ion  i s  t h e  formation of 

numerous concen t r i ca l ly  arranged smooth membranes wi th in  t h e  cytoplasm. 

These membranes contain small  amounts of ground cytoplasn: conta in ing  seve ra l  

ribosomes. The number of concent r ic  membranes per  i nc lus ion  v a r i e s  from one 

t o  f i v e  o r  more and the  e x t e r n a l  l ame l l i  may only go p a r t  way around t h e  

inc lus ion  (Fig.  1-4). Other membranes not  organized i n t o  concent r ic  s w i r l s  

may appear a s  longi tudina l  p r o f i l e s  wi th in  t h e  cytoplasm (Fig.  1, 3 ,  & 4 ) .  

A t  high magnification these  membranes are comprised of f i v e  layers :  t h r e e  

e l e c t r o n  dense l a y e r s  on e i t h e r  s i d e  of two r e l a t i v e l y  e l e c t r o n  luc id  l a y e r s  

(Fig.  4). The to t a l  th ickness  of these membranes i s  approximately 175 A . 0 

P a r i e t a l  cel ls  from pylorus- l igated animals which received co r t i cos t e rone  

or a mixture  of co r t i cos t e rone  and hydrocortisone showed a l t e r a t i o n s  i n  t h e  

dense bodies,  i n  add i t ion  t o  t h e  above a l t e r a t i o n s  a t t r i b u t a b l e  t o  pylorus- 

l i g a t i o n .  The dense bodies develop slighter area  wi th in  them (Fig.  5) which 

inc reases  i n  s i z e  u n t i l  it occupies much of t h e  s t r u c t u r e  (F ig ,  6 ) .  The 

dense bodies  per  se increase  i n  t o t a l  diameter ,  becoming 3 t o  4 t i m e s  a s  l a r g e  

as those  found i n  t h e  normal cells .  Much of t h e i r  volume i s  f i l l e d ,  however, 

with a f l o c c u l e n t  e l e c t r o n  luc id  ma te r i a l  (Fig.  6 ) .  

The ex tens ive  endoplasmic reticulum (ER) seen i n  normal ch ief  cel ls  i s  

a l s o  seen i n  l i g a t e d  and/or drug t r e a t e d  animals (Fig.  7 & 8) .  Small smooth- 

membraned v e s i c l e s  were observed pinching off from t h e  rough ER i n  t h e  area 

of t h e  Golgi ccmplex (Fig.  8). Similar small v e s i c l e s  were seen f r e e  i n  t h e  

cytoplasm or at tached t o  small zymogen granules  i n  t h e  Golgi zone (F ig .  8). 

Zymogen granules  were a l s o  observed being secre ted  i n t o  t h e  g landular  lumen. 

I t  thus  appears t h a t  t he  mechanism f o r  t h e  production and sec re t ion  of 



zymogen granules  was not  a f f e c t e d  by py lorus- l iga t ion  or glucocor t ico id  

admini s t r a t i o n .  

The g a s t r i c  secre tory  responses t o  pylorus- l iga t ion  and g lucocor t ico id  

adminis t ra t ion  were evaluated and w i l l  be reported i n  d e t a i l  elsewhere. 

Genera l ly ,  however, t h e  g a s t r i c  conten ts  of c o n t r o l  and t r e a t e d  animals had 

a volume of approximately 50 m l  of f l u i d  a t  a pH of 2.1,  and contained an 

average of 23.4 mil l i equ iva len t s  of f r e e  acid per  l i t e r  and 46.5 m i l l i -  

equ iva len t s  of bound ac id  per  l i t e r .  Acute adminis t ra t ion  of c o r t i c o i d s  

d id  not appear t o  a l t e r  the  charac te r  or t rend  of ac id  sec re t ion .  

Discussion 

While under t h e  inf luence  of acute stress of py lorus- l iga t ion ,  f e r r e t s  

develop numerous inc lus ions  wi th in  the  cytoplasm of the  g a s t r i c  p a r i e t a l  

c e l l s .  These inc lus ions  c o n s i s t  of concen t r i ca l ly  arranged smooth membranes 

which havenot  previously been descr ibed.  A s i m i l a r  cytoplasmic inc lus ion  

appears  i n  a micrograph (Fig.  4) i n  a pub l i ca t ion  by Sedar and Friedman (14). 

The t i s s u e  was taken from a dog with a g a s t r i c  f i s t u l a ,  pylorus  and ca rd iac  

l i g a t i o n s ,  and under sodium pentobarb i ta l  anes thes ia .  The au thors  d id  not  

mention t h e  inc lus ion  i n  t h e  text or capt ion  of t h e  pub l i ca t ion  however. 

I t  is  f e l t  t h a t  t hese  inc lus ions  a r e  produced i n  response t o  t h e  acute  

stresses of l i g a t i o n  ( i  .e., s u r g i c a l  stress, anes thes i a ,  increased hydros t a t i c  

pressure  i n  t h e  stomach, psychic s t r e s s ,  e t c . )  a r e  most prominent i n  t h e  

cytoplasm immediately beneath t h e  m i c r o v i l l i ,  hence they may be derived from 

t h e  tubu la r  elements descr ibed by o thers  ( 5 ,  7, 15, 17) .  Although w e  have not 

observed an ex tens ive  a r r ay  of tubular  or vascular  elements i n  t h e  normal 

p a r i e t a l  c e l l  of t h e  f e r r e t  (18) ,  it may be t h a t  under t h e  cond i t ions  of 

l i g a t i o n  an abnormal amount of agranular  membranous m a t e r i a l  accumulates 

wi th in  t h e  cytoplasm. 

, 
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I n  view of these  abnormal i t ies ,  f u t u r e  i n v e s t i g a t o r s  using t h e  

techniques  of pylorus- l igat ion f o r  the study of g a s t r i c  physiology should 

t a k e  i n t o  cons idera t ion  the p o s s i b i l i t y  of func t iona l  a l t e r a t i o n s  due t o  

t h e  opera t ion .  Sedar (17) has  shown t h a t  t h e  tubu la r  elements i n  t h e  cytoplasm 

beneath t h e  m i c r o v i l l i  of the  p a r i e t a l  cel l  are probably involved i n  t h e  

g a s t r i c  secretion of hydrochlor ic  acid.  I f  Seda r ' s  explanat ion of t h e  r e l e a s e  

of hydrochlor ic  acid is  c o r r e c t  it would seem l i k e l y  t h a t  t h e  p a r i e t a l  ce l l s  

i n  t h e  present  i nves t iga t ion  were not a c t i v e l y  s e c r e t i n g  a t  t h e  t i m e  of 

s a c r i f i c e .  

Histamine has  been used f requent ly  a s  a s t imulant  f o r  g a s t r i c  production 

of HC1 (14, 16, 17, 20) i n  u l t r a s t r u c t u r a l  s tud ie s .  Reportedly,  t i s s u e  has  

been examined soon a f t e r  t h e  adminis t ra t ion  of t h e  drug when t h e  t i s s u e  i s  

a c t i v e l y  s e c r e t i n g  ac id .  I n  these  cases  it has been found t h a t  t he  drug 

in f luences  t h e  tubu la r  elements i n  t h e  cytoplasm beneath t h e  m i c r o v i l l i .  

While c o r t i c o i d s  have been shown t o  have a s t imula tory  e f f e c t  on t h e  acid 

production and var ious  enzymic e f f e c t s  on t h e  i n t e s t i n a l  mucosa (91, f i n e  

s t r u c t u r a l  s t u d i e s  with animals t r ea t ed  f o r  a shor t  period have not been 

undertaken. I n  t h e  only previous e l ec t ron  microscopic study of s t e r o i d a l  

e f f e c t s  on t h e  g a s t r i c  mucosa, i t  was observed t h a t  p a r i e t a l  cells  of f a s t e d  

ra ts  ch ron ica l ly  t r e a t e d  with ACTH or prednisone had e l a b o r a t e  c a n a l i c u l a r  

systems (61, i n  c o n t r a s t  t o  t h e  col lapsed c a n a l i c u l i  observed here .  Also,  

i n  c o n t r a s t  t o  t h e  present  s tudy,  Laumonier and a s s o c i a t e s  (6) observed 

seve ra l  a l t e r a t i o n s  i n  t h e  mucous neck ce l l s  of co r t i co id - t r ea t ed  r a t s .  

The discrepancy of t hese  responses suggests t h a t  py lorus- l iga t ion  induces 

pr imar i ly  p a r i e t a l  ce l l  a l t e r a t i o n s ,  and- tha t  longer t e r m  adminis t ra t ion  of 

s t e r o i d s  may be required f o r  inducing mucous c e l l  s t r i l c t u r a l  a l t e r a t i o n s .  

5 



Summary 

. A study of t h e  g a s t r i c  mucosa of t h e  f e r r e t  subjected t o  pylorus- l iga t ion  

and g lucocor t ico id  adminis t ra t ion  has  been made. I t  was found t h a t  pylorus- 

l i g a t i o n  f o r  for ty-e ight  hours causes t h e  formation of numerous 

arranged smooth membranes wi th in  the  cytoplasm of the  p a r i e t a l  c e l l .  These 

inc lus ions  a r e  comprised of one t o  f i v e  or more membranes which conta in  a small  

amount of cytoplasm and f r e e  ribosomes. Mitochondria a r e  widely separated i n  

concen t r i ca l ly  

comparison t o  the  normal p a r i e t a l  cell and t h e  secre tory  cana l s  a r e  less 

11 extens ive  and “col lapsed .  

Glucocort icoid adminis t ra t ion  br ings  about an a d d i t i o n a l  a l t e r a t i o n  i n  

t h e  dense bodies of t h e  p a r i e t a l  cel l .  An e l e c t r o n  luc id  a rea  develops wi th in  

t h e  dense body and inc reases  i n  s i z e  u n t i l  it f i l l s  much of t h e  volume of t h e  

organel le .  The diameter of the  dense bodies inc reases  two-  t o  th ree- fo ld  and 

t h e i r  number i s  a l s o  increased.  

Chief ce l l s  a r e  apparent ly  unaffected by t h e s e  t rea tments .  

The t e c h n i c a l  a s s i s t ance  of Miss N. Easterbrook and Mrs. J. McClary i s  

g r a t e f u l l y  acknowledged. 
P\kthOF 
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Foot not e s 

f tepresentat ive of the  r a t i o  of hydrocortisone and co r t i cos t e rone  i n  vivo -- 
i n  t h e  f e r r e t .  (Bush; J. Endocrinol. 9: 95:1953). 
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Fig .  1. A por t ion  of a p a r i e t a l  c e l l  taken from a pylorus- l igated animal. 

N o t e  t h e  numerous smooth-membraned inc lus ions  (SM). Many of these membranes 

a r e  arranged i n  concent r ic  s w i r l s  while o t h e r s  a r e  seen i n  long i tud ina l  

p r o f i l e  wi th in  t h e  cytoplasm. The secre tory  c a n a l i c u l i  (SC) a r e  co l lapsed .  

Mitochondria (M) a r e  widely separated and some show bal looning of t h e  o u t e r  

membrane (arrows).  The ap ica l  port ion of a zymogen ce l l  is seen a t  t h e  

lower r i g h t  and re leased  zymogen i s  seen wi th in  t h e  lumen of t h e  gland (L). 

Zymogen granule  ( Z ) ,  nucleus (N). x 24,500 

Fig .  2 .  Smooth-membraned inc lus ions  (SM) a r e  seen i n  t h e  cytoplasm of t h i s  

p a r i e t a l  c e l l .  A small  amount of cytoplasm containing ribosomes is seen with 

t h e  inc lus ions .  Secretory c a n a l i c u l i  (SC) a r e  col lapsed and mitochondria (M) 

a r e  widely separated.  Dense body (DB) . x 28,000 

F i g .  3. Three dense bodies (DB), which appear t o  be normal, a r e  seen wi th in  

t h e  cytoplasm of a p a r i e t a l  c e l l  from a pylorus- l igated animal. The sec re to ry  

cana l i cu lus  (SC) is f i l l e d  with an e l ec t ron  dense ma te r i a l  which surrounds 

t h e  m i c r o v i l l i .  This ma te r i a l  i s  probably zymogen which has  "backflowed" 

i n t o  t h e  cana l icu lus .  x 24,500 

Fig .  4 .  A t  higher  magnif icat ion t h e  smooth-membraned inc lus ion  (SM) can be 

seen t o  be comprised of f i v e  l a y e r s  (arrows).  Three layers a r e  e l e c t r o n  

dense and the  t w o  between them a r e  more e l e c t r o n  l u c i d .  Double-headed arrows 

i n d i c a t e  f i b r i l s  wi th in  t h e  mic rov i l l i  seen i n  both c r o s s  and long i tud ina l  

s ec t ion .  Secretory cana l i cu lus  (SC). x 60,000 
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F i g .  5. The t i s s u e  i n  t h i s  micrograph was taken from an animal which was 

pylorus- l iga ted ,  and i n  add i t ion  received 50 mg/kg of a 1:l mixture of 

c o r t i c o s t e r o n e  and hydrocort isone.  Note t h a t  two of t h e  dense bodies (DB) 

have s p h e r i c a l  l i g h t  a r eas  wi th in  them. Compare t h i s  f i g u r e  with F ig .  6 .  

Smooth-membraned inc lus ions  (SM), secre tory  cana l i cu lus  (SC), mitochondria 

(M). x 30,000 

Fig .  6. A p a r i e t a l  ce l l  taken f r o m  an animal t r e a t e d  t h e  same a s  t h a t  i n  

t h e  previous f i g u r e .  

t h e  dense bodies (DB). The diameter of the dense bodies has  increased and 

they  are more numerous. Secretory cana l icu lus  ( S C ) ,  lumen of t h e  gland (L). 

x 21,000. The i n s e t  a t  t h e  lower l e f t  shows a c l e a r  r e l a t i o n s h i p  between 

t h e  dense body and t h e  f loccu len t  mater ia l .  x 21,000. 

Note t h e  f loccu len t  ma te r i a l  which has  accumulated i n  

F ig .  7 .  Chief ce l l s  of experimental  animals d id  not show any major a l t e r a t i o n s .  

An extens ive  endoplasmic ret iculum (ER) appears i n  the basa l  po r t ion  of the 

gland. Zymogen granules  (Z) appear normal. Mitochondria (M) a r e  seen between 

t h e  c i s t e r n a e  of t h e  endoplasmic reticulum (ER). x 22,000 

F ig .  8. The rough endoplasmic reticulum (ER) i n  t h e  Golgi a rea  (Go) of a 

zymogen ce l l  from a pylorus- l igated animal i s  seen i n  t h i s  micrograph. Small 

smooth-membraned v e s i c l e s  a r e  seen pinching off  from t h e  rough ER i n  t h e  Golgi 

a rea  (arrows).  Double-headed arrows i n d i c a t e  s i m i l a r  v e s i c l e s  f r e e  i n  t h e  

cytoplasm and one of t hese  v e s i c l e s  ( t r iple-headed arrow) i s  seen a t tached  t o  

a small  zymogen granule  (Z) i n  t h e  upper l e f t  corner .  x 51,000 
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